Although the sodium-calcium exchanger (NCX1) is encoded by a single gene, it is widely expressed in both fetal and adult tissues and functions in many diverse physiological processes to maintain intracellular calcium homeostasis. In order to determine whether NCX1 is also ubiquitously expressed in the early mouse embryo, in situ hybridization and RT-PCR were used to determine the spacio-temporal expression of NCX1. Our results indicate that NCX1 expression is present within the 7.75±8.0 dpc cardiogenic plate before the ®rst heartbeat, and that NCX1 is initially expressed in a heart-restricted pattern within the early mouse embryo. However, in more developed embryos (11.0 dpc and older) NCX1 is expressed in other tissues. q
Introduction and results
Since the original cloning and functional expression (Nicoll et al., 1990 ) of the sarcolemmal sodium-calcium exchanger (NCX1), many studies have investigated the tissue-speci®c expression (Lee et al., 1994; Barnes et al., 1997; Nicholas et al., 1998) , the regulation (Boerth and Artman, 1996; Cheng et al., 1999) and abnormal expression in failing human hearts (Flesch et al., 1996; Studer et al., 1997) , but surprisingly limited data exists on the early embryonic expression. The NCX1 gene appears to be fairly ubiquitously expressed in mammals (Kraev et al., 1996) and helps to maintain intracellular calcium homeostasis within contractile cardiocytes of the heart, neuronal cells within the brain and re-absorptive cells of the renal tubules (Lee et al., 1994) . Many other cell types show lower expression, including skeletal muscle, smooth muscle, lung and spleen (Barnes et al., 1997) . Tissue-speci®c isoforms are generated by mutually exclusive splicing (Kofuji et al., 1994 ) and the use of three different promoters (Barnes et al., 1997) . Given the wide range of expression within adult tissues and the limited data that exists on the early embryonic expression of the NCX1 gene, we set out to determine the spacio-temporal expression of NCX1.
Using PCR primers that detect exon 2, which is common to all known isoforms (Kofuji et al., 1994) , RT-PCR analysis ( Fig. 1) indicates expression in the 7.75±8.0 dpc whole mouse embryo before the ®rst heartbeat (0±4 somites) and before the onset of heart-restricted ventricular myosin light chain 2 (MLC2v) expression. NCX1 expression is up-regulated after the ®rst heartbeat, and continues to be expressed throughout development and adulthood (data not shown). When the heart and rest of 9.0 and 10.25 dpc embryos are separated, NCX1 expression is limited to the embryonic heart ( Fig. 1 ) and does not appear in the rest of the embryo until 11.0 dpc.
NCX1 RT-PCR expression was con®rmed by in situ hybridization ( Fig. 2a±c 2a H ,c H ). Using the anti-sense NCX1 cDNA probe that can detect all the known NCX1 isoforms, expression is restricted to within the cardiac crescent of the 1±3 somite embryos, and the fusing bilateral heart primordia and subsequent tubular heart of the 6 somite embryo. The cardiac crescent is composed of both cardiaccommitted myocardial and endocardial precursor cells (Sugi and Markwald, 1996) , and is the ®rst site of NCX1 expression ( Fig. 2a,a H ). Sectioning revealed that NCX1 is only expressed within the splanchnopleural heart mesoderm and not within the adjacent pharyngeal endoderm (Fig.  2a H ). NCX1 continues to be expressed in a heart-restricted pattern throughout the critical stages of heart development ( Fig. 2d±f, 2d H ±f H ). NCX1 is strongly expressed within the myocardial layer, which forms the outer wall of the primi- tive heart tube, and is not expressed by the endocardial tissue lining the primitive heart tube (Fig. 2c H ). NCX1 expression is also present within the dorsal mesentery (Fig. 2c H ), which attaches the primitive heart tube to the rest of the embryo. Using a sense NCX1 cDNA probe, no signal was detected (data not shown).
In conclusion, these results have shown that NCX1 expression is present before the ®rst heartbeat, and that the initial expression of NCX1 is restricted to the early embryonic mouse heart.
Materials and methods

Isolation of mouse NCX1 cDNA
A mouse NCX1 probe was generated by PCR ampli®ca-tion, using primers based on GenBank mRNA sequence (AF004666). NCX1-speci®c primers were designed to amplify the region between base pairs 442±461 (upstream primer 5 H -AAGAAACCGAATGGAGAGAC-3 H ) and 1027±1046 within exon 2 (downstream primer 5 H -TGGTCCCTCTCATCAACTTC-3 H ). Since the primers are within exon 2, a 1.8-kb exon which is conserved in all known isoforms of NCX1 (Lee et al., 1994) , an identical 603 bp fragment was ampli®ed from 14.5 dpc mouse heart, brain and kidney cDNA. The ampli®ed fragment was cloned into pGEM-T vector (Promega) and sequenced to con®rm its identity.
RT-PCR reactions
Whole 8.0±9.0 dpc and micro-dissected (hearts separated from rest of embryo) 9.5±11.5 dpc mouse embryos were collected, snap frozen and stored at 2708C. RT-PCR was carried out as previously described (Conway et al., 1997) . Since the NCX1 primers are within exon 2 and do not span an intron, care was taken to treat the RNA with RNase-free DNase (Promega RQ1 1 unit/mg total RNA for 15 min at room temperature) to ensure that the PCR fragments were ampli®ed from cDNA and not genomic DNA. To ensure that isolation of hearts was clean, PCR ampli®cation of the heart-speci®c MLC2v gene was used (as described in O'Brien et al., 1993) . To control for variations in RNA isolation, PCR ampli®cation of the housekeeping gene GAPDH was also used (Conway, 1999) .
In situ hybridization
Both sense and antisense digoxigenin-labeled NCX1 cDNA probes were transcribed from the entire 603 bp fragment. Whole-mount in situ hybridization was performed as described previously (Conway et al., 1997) , followed by vibratome sectioning at 25 mm as previously described (Conway, 1999) . H ) Nine somite linear heart tube stage and (e and e H ) eleven somite looping heart stage embryos. Note that NCX1 is expressed along the entire heart tube and sinus venosa (arrows). (f) Twenty seven somite stage embryo. Note that NCX1 is still expressed in a heartrestricted manner within the myocardial cells, with the highest expression within the ventricle (Vt). Also note that NCX1 is not expressed within the body wall overlying the pericardial cavity (arrows). (f H ) Sagittal vibratome section through the heart of embryo shown in (f). Abbreviations: som, somite; PE, pharyngeal endoderm; F, foregut; Vt, common ventricular chamber; TA, truncus arteriosus; SV, sinus venousus; ST, septum transversum.
